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Abstract 
Aluminium and copper wires were burnt by 
electric short circuit and by outside flame. These 
wires have been studied under scanning electron 
microscope with a view to distinguish them in fire 
cases. It was observed that there were extensive 
grains on the cylindrical surfaces near the ends of 
copper wires burnt by electric short circuit. The 
grainy structures were continuously decreasing with 
distance from the ends and vanished. Aluminium 
wires had bucklings starting from the ends and 
decreasing on subsequent portions. These features 
were found to have a potential advantage to 
identify the ends specially those which did not have 
beads but produced by electric short circuit. 
However, the wires burnt by outside flame showed 
heterogeneous surface structures including ditches 
and separations at different places. Their ends 
were mostly pointed ones. Reddish crystals of 
cupric oxide and black tripaziums of cuprous oxide 
were observed in the ditches of copper wire. 
The distinctive features of two types of burnt 
wires revealed by scanning electron microscope can 
be utilised in fire cases to assess if the wires 
were burnt by electric short circuit or otherwise. 
KEY WORDS: Scanning Electron Microscopy, 
Electric Short Circuit, Fire, Flame, Burnt Electric 
Wires, Arson Cases, Aluminium, Copper, Oxides. 
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Introduction 
Fire exhibiting a heavy blaze is a common 
occurrence in buildings, godowns, shops, factories, 
and other premises leading to destruction of 
properties and sometimes lives too. Cause of such 
a fire is either accidental such as electric short 
circuit or intentional where materials were set on 
fire by external means as in cases of arson. Never-
theless, the first step of the investigating agency 
is to know the exact cause of fire with the 
assistance of a forensic scientist. Consequently, 
forensic science laboratories are approached to 
examine the burnt materials including burnt 
electric wires left at the site of fire. 
Out of several causes of accidental fire, 
electric short circuit is more frequent. The normal 
observations which are considered essential to 
ascertain if the wires were burnt due to electric 
short circuit are (i) bead formation at the ends, 
and (ii) burning of the insulation from inside. 
These features can be examined easily under an 
optical microscope. The author however en-
countered several cases where the fire was caused 
due to electric short circuit but bead formation 
was not observed. In others, the insulation was 
not even left after burning. It was quite difficult 
in such cases to determine the cause of fire on the 
basis of the normal observations. During examination 
of such wires under scanning electron microscope 
(SEM) it was noted that there were special 
features on the wires which could identify the ends 
of the short circuit. It was, therefore, thought 
worthwhile to take up a study of burnt electric 
wires by scanning electron microscope. 
Scanning electron microscopy has been in use 
since the early seventies for the examination of a 
wide variety of forensic materials (2, 9). Owing to 
higher resolution and better depth of focus than 
optical microscope, the technique gained a consider-
able importance for characterization and comparison 
of metallic surfaces. Judd et.al ( I) used topo-
graphical comparison imaging for surface studies. 
Yan Essen and Morgan ( 10) employed split -field 
comparison SEM. Meyn and Beachem (5) utilized 
SEM and transmission electron microscopy to match 
complimentary fracture surfaces for the analysis 
of the fracture mechanism. Matricardi (3) and 
Matricardi et.al (4) compared fracture surfaces 
and cut metal wires by SEM technique. Singh 
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et.al (8) recorded the distinctive features on 
the filaments of light bulbs which were fused in 
vacuum and in air, and confirmed the cause of 
a railway accident. Singh and Aggrawal (7) and 
Singh (6) utilized SEM for the identification of 
wires and the cutting tool. No work has however 
been reported so far on the examination of burnt 
electric wires by SEM with a view to determine the 
cause of fire. 
Wires burnt by electric short circuit and by 
outside flame were examined under SEM. Observa-
tions were recorded and discussed. The results were 
applied in case problems. 
Materials and Methods 
Copper and aluminium wires were subjected 
to electric short circuit by way of increasing the 
voltage across them. A series of gas burners were 
used to burn the wires from outside. The burnt 
wires were cleaned with acetone to remove the 
traces of ashes of the insulation thereon. The 
interested portions were cut into pieces (samples) 
of about one centimeter length. They were mounted 
on SEM stubs with silver paint. Proper levelling 
of samples was made with the help of an optical 
microscope. Thin gold layer was coated on them 
when required. Samples were then examined one 
by one under the scanning electron microscope, 
model Alpha-9 (Japan). 
Results 
Wires Subjected to Electric Short Circuit. Two 
ends of a copper wire burnt by electric short circuit 
are shown in Fig I. There is a bigger bead with 
a bending end. Sometimes, beads were not observed 
on the ends. Fig 2 represents an electron photo-
micrograph of such an end. Most of the isolated 
grains were joined together resulting in irregular 
shapes. Figs 3 and 4 represent the successive 
portions of the same wire at 3 cm and 15 cm from 
the end respectively. It may be seen that isolation 
of grains decreased, and they were mostly elongated 
with the extrusion marks (Fig 3). The surface at 
farther distance (Fig 4) was comparable with that 
of the unburnt wire (Fig 5). However, bucklings 
were observed on aluminium wire. These features 
were decreasing with the distance from the end. 
Wires Burnt by Outside Flame. When an 
aluminium wire was burnt by outside flame, it was 
separated at different points. The ends were 
normally pointed. Fig 6 represents an electron 
photomicrograph of such an end. Two consecutive 
portions of this wire from the end are shown in 
Figs 7 and 8. At one portion (Fig 7) the surface 
was chipped off and narrowed down with depressions, 
while the other (Fig 8) had extensive buck lings of 
thin oxide layers. Thus the burning of the wire from 
outside flame led to heterogeneous surface 
structures. 
Fig 9 represents an electron photomicrograph 
of a burnt copper wire. The wire has been eaten 
away at different places creating ditches (marked A). 
The adjoining surface (marked B) however showed 
grainy structures (Fig IO). Fig I I represents the 
fine crystals observed in the ditches. They were 
reddish in colour and mostly squares with round 
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corners. Nucleation of black crystals in the reddish 
ones was also observed. The black crystals were 
mostly triangular or tripaziums. 
Aluminium and copper metals behave in 
different ways on oxidation. Aluminium forms one 
oxide Al 20 1 that is mechanically strong and grows 




does not appear to favour the bead formation 
at the ends of aluminium wires as observed. 
However copper forms two oxides Cu
2




0 (Cuprous oxide) 
----t 4Cu0 (Cupric oxide) 
In the vicinities at temperatures higher than 
1083°C (melting point of copper) under the intense 
flame the copper wire melts, and the molten mass 
falls down creating ditches in the wire. Subsequ-
ently with the decrease of flame intensity the 
molten mass slowly cools down favouring the 
crystallization of CuO at temperatures nearing 
1326°C (melting point of CuO). Squares of reddish 
colour with round corners observed in ditches 
(Fig I I) were in fact the cubic crystals of CuO. 
When the temperature further goes down, Cu+ Jons 
diffuse into the lattice of CuO replacing its O ions. 
This solid reaction keeps on going till all the 
alternate positions of 0- ions of CuO lattice are 
replaced by Cu+ ions. Consequently, the strength 
of 0- ions is reduced to half thereby resulting in 
the total crystallographic transformation of cubic 
lattice of CuO into monoclini§ lattice_ of Cu 20 at 
temperatures just below 1235 C (meltmg pomt of 
Cu
2
0) as follows. 
2Cu0 + 2Cu + ----t 2Cu
2
o (Crystals) 
Nucleation of black Cu
2
o crystals in the 
reddish CuO crystals thus occurs. The black 
tripaziums (monoclinic) of Cu 20 crystals can be seen 
in Fig 12. Wires burnt by oul:side flame could thus 
be identified under SEM by observing (i) hetero-
geneous burning all along the surface of the wire, 
and (ii) crystals of cupric oxide (reddish, cubic) and 
cuprous oxide (black, tripaziums) in the ditches of 
copper wire. These results were utilized in various 
case problems. 
Case Examples 
I. Fire broke out in a premise damaging a 
huge property. Electric short circuit was not ruled 
out. The fuse wires were found in tact. Insulation 
of the copper wires was completely burnt off. Beads 
at the ends were however not observed. 
The wires were examined under SEM. Fig 13 
reveals the grainy structures near the end of the 
affected wire. While scanning the successive 
portions from one end to the other it was observed 
that the grains were gradually diminishing. Fig 14 
shows the surface of the wire at a distance of 
IO cm from the end. The grains on this surface 
were almost gone. The observations of gradual 
decrease of the grainy structures with the distance 
from the end were indicative of the wire being burnt 
by electric short circuit. 
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Fig.I Beads at the ends of a Cu wire subjected 
to electric short circuit. 
Fig.3 Elongated grains at 3 cm away from the end. 
Fig.5 Extrusion marks on an unburnt Cu wire. 





Grainy structures at the end of Cu wire 
subjected to electric short circuit. 
Extrusion marks at a distance of 15 cm 
from the same end. 
Fig.6 Pointed end of Al wire burnt by outside 
flame. 
Fig.3 The wire showing extensive bucklings of 
oxide layer. 
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2. In another case, the fire had badly des-
troyed the costly materials in a shop. All electric 
wires leading to ceiling fans and fluorescent tubes 
were completely burnt. In order to ascertain the 
cause of fire, the burnt aluminium wires were 
examined under SEM. 
Fig 15 represents an end of the burnt wire. 
It is clearly seen that the end was a pointed one. 
A surface about 20 cm away from this end is 
shown in Fig 16. The surface has buck lings. On 
scanning the different portions of this wire, it was 
observed that the wire was heterogeneously burnt. 
This indicated that the wires were burnt by outside 
flame. 
Discussion 
Increasing of power in an electric wire 
produces higher current which subsequently 
generates heat in the wire. The excessive heat 
melts the insulation. The live wire gets in touch 
with the neutral wire running paraliel in the cabie 
and causes a spark. The current often is not large 
enough to blow out the fuse wire and therefore the 
spark continues for sometime. The materials lying 
in the vicinity may catch the spark spreading the 
fire in a big way. So long as the spark continues 
the wire at such a point keeps on melting, and 
finally separates producing two ends (ends of short 
circuit). As soon as the wire separates the molten 
mass cools down and solidifies at the ends forming 
beads thereon. Such ends can be identified even 
under an optical microscope and more distinctly by 
SEM. 
But sometimes, the bead formation becomes 
so heavy that it drops down leaving behind the end 
with no bead. This leads to a similar observation 
as produced by outside flame. During the 
continuance of the spark maximum temperature is 
attained at the point of short circuit. The 
temperature however decreases with the distance 
from this point giving rise to grainy structures on 
copper wire and bucklings on aluminium wire with 
continuous decrease. This distinctive sequence of 
observations plays a significant role in identifying 
the ends of electric short circuit which did not even 
have the bead formations. 
When the wire is burnt by outside fire, the 
intensity of the flame varies from place to place 
resulting in the heterogeneous burning of aluminium 
and copper wires. Even at a particular point on the 
vlire intensity never remains constant with time. 
Consequently, the wire is separated at some points 
which were under intense flame whereas ditches are 
created at other places. In addition, reddish cubes 
of cupric oxide and black tripaziums of cuprous 
oxide are produced in the ditches as a result of 
crystallization. These observations can thus identify 
the wires burnt by outside flame. But in a 
situation when a wire is burnt by electric short 
circuit and subsequently affected by outside flame, 
it is difficult to arrive at a definite opinion on the 
basis of the above observations unless the ends of 
the short circuit are identified. Nevertheless, the 
observations revealed by SEM may indicate if a fire 
was caused due to electric short circuit or otherwise. 
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Discussion with Reviewers 
R. Goebel: The thin copper wires in the pictures 
surely come from flex connections. But electric 
installations in buildings mostly contain solid wires 
with a large diameter. Could you find the same 
features on these wires? 
Author: Although the laboratory experiments given 
in this paper were carried out on thin copper wires 
(of the order of I mm dia) the observations on 
these wires did show a close resemblance with those 
of thick wires in building installations affected by 
electric short circuit. 
R. Goebel: It often occurs, in practice, that a 
live wire is burnt by an outside flame, which is 
caused for other unknown reasons. After burning 
away the insulation the wires touch resulting in 
a short circuit. Would an evaluation be possible 
in this case? 
Author: Touching of a live wire with other wires 
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Fig.9 Copper wire burnt by outside flame showing 
ditches (marked A) and adjoining surfaces 
(marked B). 
Fig. I I Cubic Crystals (reddish) of CuO at A surfaces. 
Fig.13 Grainy structures near the end of the wire 
(case I). 
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Fig. IO Grainy structures on B surface. 
Fig.12 Black crystals (tripaziums) of Cu 2o at 
A surfaces. 
Fig.14 Extrusion marks at IO cm away from 
the end. 
Fig. I 6 Extensive buck lings at 20 cm 
from the pointed end. 
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may occur during the process of burning by outside 
flame, and this may lead to an electric short 
circuit. In such an event, it is difficult to draw a 
conclusive opinion unless some other physical 
evidences are available in support of either of the 
causes. 
R. Goebel: Could you find the same features in 
DC-connections, e.g. in vehicles? 
Author: DC-connections have not been tested in 
the present investigation. 
K.A. Thorsen: Fig I. This must be due to the 
formation of a hot spot due to overloading. Was the 
wire insulated? What happened when the wire was 
loaded - how long a time was it at high 
temperature? 
Author: The end shown in Fig I was produced as 
a result of overloading - increasing voltage. The 
wire was insulated. When the multicore wire was 
loaded by increasing voltage, its insulation started 
melting all along the wire. The wire then sparked 
off at one point, and within a few seconds it 
separated into two parts. 
K.A. Thorsen: Fig 2. What do we really see -
metallic Cu or Cu-oxides? ls it the fracture surface 
or the cylindrical surface of the wire close to the 
fracture? 
Author: In Fig 2 we actually see Cu-oxides on the 
cylindrical surface close to the fracture (end). 
K.A. Thorsen: Fig 3. Oxidized or metallic surface? 
In the latter case the surface structure is caused by 
thermal etching, thanks to heating by conduction from 
the hot spot. 
Author: Fig 3 was metallic surface. The surface 
structures were caused by thermal etching as is 
rightly judged by the reviewer. 
K.A. Thorsen: Fig 7. Was the Al inside the wire 
in fact molten, but kept in shape by the Al 20 3 
-
film on the surface? Maybe the wire was close to 
breaking at this point - if that had happened we 
would have faced a fracture similar to the one 
shown in Fig 6. 
Author: Yes, the judgment of the reviewer is 
correct. 
K.A. Thorsen: Ref. "Subsequently the molten mass 
from the point of intense burning by the outside 
flame falls down creating ditches in the wire". ls 
the meaning that the ditches or grooves at A have 
been formed by erosion of a liquid phase? 
Author: Yes, the erosion of a liquid phase by out-
side flame has resulted in the creation of ditches in 
the copper wire. 
K.A. Thorsen: The author argues on the basis of 
occurre12,ce of molten oxide
0
with melting points 
of 1235 C (Cu
2
0) and 1326 C (CuO). If however, 
such temperatures have actually been obtained, the 
entire wire consisting of metallic Cu and the surface 
layers of oxides would collapse into droplets, so in 
my opinion it is not correct to argue on basis of 
such high temperatures. By the way, what 
temperatures do we get at a fire? Do we really 
get over I 235°C? 
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Author: At a point of intense burning, metallic Cu 
reacting with atmospheric oxygen forms CuO, which 
subsequently changes into Cu
2
0. With the avail-
ability of sufficient higher temperature ( r--.J I 235°C 
or so) which does exist in fire cases, the metallic 
Cu and the surface layers of oxides collapse into 
droplets. Erosion of liquid phase (droplets) creates 
ditches and its further continuation leads to 
separation of the wire into two parts at such a 
point. Since the portions farther from this point 
were comparatively at lower temperatures, the 
situation of forming the oxide layers and their 
collapsing with metallic Cu into droplets does not 
arise. 
